Abstract. Dietary supplements are widely used for their perceived health benefits without side effects and hence have minimal regulation. However, they have been associated with various toxicities including kidney disease. We report a 65-year-old male who had very heavy daily intake of dietary supplements for 3 years. He presented with acute kidney injury and nephrotic-range proteinuria. The renal biopsy showed acute tubular necrosis with vacuolization, acute interstitial nephritis, and secondary membranous nephropathy, consistent with an nonsteroidal anti-inflammatory drug (NSAID)-like nephropathy. This was postulated to be related to the cyclooxygenase (COX) inhibitors (anthocyanins) in cherry extract that was a significant part of the patient's dietary supplement use. His proteinuria completely resolved and serum creatinine stabilized after discontinuation of all dietary supplements and a prolonged (5 months) course of prednisone. Clinicians are advised to specifically inquire about dietary supplements, especially cherry extract, as a potential cause of newonset renal failure and proteinuria.
Introduction
Complementary and alternative medicine (CAM) is widely practiced all over the world [1] . "Nutraceuticals" constitute a multibillion dollar industry, and include a range of products composed of isolated nutrients, dietary supplements, herbal products, specific diets, functional foods, and processed foods [2] . A dietary supplement is a form of nutraceutical that contains nutrients derived from food products that are concentrated in liquid, gel, or capsule form. They are considered by the US Food and Drug Administration (FDA) as a "food" and not as "pharmaceutical drugs", hence manufacturers do not require FDA approval before marketing [3] . The various label claims associated with these products have a variable level of regulation [4] . While dietary supplements are advertised and consumed with the promise of providing significant health benefits without side effects, evidence suggests minimal benefits and potential harm to human health [5, 6, 7, 8] . In addition to damage to other organs [9] , a diverse range of nephrotoxicities have been reported with dietary supplements [10, 11] . Despite these safety concerns, a significant number of patients do not report dietary supplement use, and physicians often do not inquire about them [12] .
Case report
A 65-year-old white male with a history of hypertension, borderline diabetes type 2, and hypothyroidism was referred for nephrotic range proteinuria (16.6 g/day), anasarca, and fatigue with normal serum creatinine (SCr) (1.1 mg/dL), serum albumin (SAlb), and thyroid function tests. Previous labs on chart review showed a normal SCr of 1.0 mg/dL 3 months ago. There were no recent urine studies except a urine dipstick negative for protein from 20 years ago. Review of systems was otherwise negative, and the urine sediment was bland. His medications included levothyroxine, amlodipine, and chlorthalidone. He denied the use of non-steroidal anti-inflammatory drugs (NSAIDs) and herbs, but he did report taking numerous over-the-counter (OTC) dietary supplements for aging, joint pains, energy, and sexual performance. He mentioned that he started taking all the supplements 3 years ago on the recommendation of his chiropractor (Table 1) . A serologic workup for second-ary causes of glomerulonephritis (GN) was negative. Benazepril and simvastatin were added to his medication regimen. He was advised to stop all OTC supplements but was lost to follow-up.
He returned 7 months later when his SCr had increased to 2.3 gm/dL with persistent proteinuria. His SAlb was down to 2.2 g/dL; his urine now evidenced white cells, epithelial cells, and granular casts. He had continued to take the items listed in Table 1 but denied other agents. He was again advised to stop all nonprescription drugs and after extensive counselling, he agreed. A repeat workup for secondary causes of GN was negative. The proteinuria and azotemia continued for 2 weeks off the supplements at which point a renal biopsy was performed.
The renal biopsy showed severe acute tubular necrosis (ATN) with prominent vacuoles in the tubular cell cytoplasm and extensive lymphocytic infiltrates with occasional eosinophils and tubulitis consistent with acute interstitial nephritis (AIN) ( Figure 1A, B) . There was chronic inflammation and significant scarring with 40% tubulointerstitial fibrosis. The immunofluorescence (IF) showed linear IgG staining ( Figure 1C ), and electron microscopy (EM) showed subepithelial and mesangial immune complex deposits ( Figure 1D ), consistent with secondary membranous nephropathy (MN). While AIN and vacuolar ATN could have been due to many of the dietary supplements (Table 1) , the association of AIN with nephrotic range proteinuria is classically reported with NSAIDs [13] . Hence, our provisional diagnosis was renal damage from the cherry extract, a significant component of the supplements, which has NSAID-like properties [14, 15] .
First-line treatment for nephrotoxic renal disease is discontinuation of the offending agent, but high-dose steroids have been reported to be beneficial in cyclooxygenase (COX) inhibitor-related proteinuric AIN [16] . In light of the persistent azotemia and proteinuria 3 weeks after supplement discontinuation, immunosuppressive therapy (prednisone 1.0 mg/kg/day) was initiated. After 5 weeks, SCr declined to 1.6 mg/dL with reduced but still nephrotic range proteinuria (spot urine protein/creatinine ratio (UPCR) = 7.8 g/g) and a bland urine sediment. He remained asymptomatic during a gradual steroid taper with a stable SCr and declining proteinuria (UPCR = 1.4 g/g). Two weeks after stopping prednisone, however, edema, nephrotic proteinuria (UPCR = 4.6 g/g), and azotemia SCr 2.6 mg/dL) recurred. He denied new medications, including previous OTC drugs. Urine sediment again showed granular casts with occasional epithelial cells. A repeat renal biopsy showed similar (although less "active") findings to the first biopsy. Since COX inhibitor-related AIN has been reported to sometimes require a prolonged steroid course [16] , the patient was treated with 1.0 mg/kg daily prednisone for another 10 weeks. His SCr remained stable at 2.1 -2.3 mg/dL and proteinuria remitted (UPCR = 0.03 g/g). Overall, he received a total of 5 months of steroid therapy. Now after 3 years off prednisone (and the OTC supplements) and with continued treatment with statins, ACE inhibitors, and strict blood pressure control, his proteinuria remains low grade (UPCR < 50 mg/g) and SCr remains stable in the 2.2 -2.5 mg/dL range.
Discussion
Dietary supplements are very widely used by the public for perceived health benefits but some of them have been associated with kidney disease [10, 11] . Here we report a patient with nephrotoxic ATN and AIN with severe proteinuria (secondary MN) after many years of heavy consumption of dietary supplements, which resolved after prolonged cessation of the supplements and 5 months of high-dose steroid therapy.
The patient's clinical course is strongly suggestive of a toxic injury caused by the OTC supplements he was taking. A detailed study of the ingredients in each supplement (Table 1) showed reported nephrotoxicity associated with the following compounds: cinnamon oil [17] , vitamins A, D, and E [18] , folic acid [19] , calcium [20] , iodine [21] , copper [22] , molybdenum [23] , sweet cherry fruit [14] , rhizome extract [24] , and vanadium [25] . Of these, the highest proportional amount was of "sweet cherry extract" (109 mg per serving), which is known to contain COX inhibitors (anthocyanins) that are responsible for its anti-inflammatory NSAID-like effects [15, 26] .
The combination of AIN with nephroticrange proteinuria is highly suggestive of COX inhibitor-related renal damage. Our patient's cumulative intake of cherry extract was estimated at over 200 g over 3 years. Given the known NSAID-like activity in cherry extract [15] , the typical pathologic findings and finally the classical and clinical course of the patient (complete resolution of proteinuria and halt of further renal decline after discontinuation of the agents and a prolonged steroid course), we believe the cherry extract was most likely responsible for the observed nephropathy.
Cherry extract is a commonly used dietary supplement for anti-oxidant and antiinflammatory purposes and is reported to have no side effects [26, 27] . Hemodynamic acute kidney injury (AKI) has been reported in a patient consuming excessive cherry concentrate [14] for gout. Recent studies have shown that flavonoids and especially anthocyanins, present in high concentrations in cherry extract, inhibit both COX 1 and 2 at levels similar to that of conventional NSAIDs [15, 28] . NSAIDs are well known to be associated with ATN, AIN, nephrotic syndrome, and chronic kidney disease (CKD) [29] . As the pathogenesis of NSAIDinduced nephritis is believed to be due to COX inhibition [13, 30] , we think it likely that cherry extract could produce a similar clinical phenotype. Clinical data also support our belief that the nephropathy was due to a COX-inhibitory effect. Our case fulfilled all the criteria for NSAID-induced secondary MN in a large retrospective study of patients with early MN [31] , including exclusion of secondary causes of MN, onset of nephrotic syndrome while on non-toxic NSAID doses, and remission off the drug. Unlike other drugs, the interstitial nephritis reported with NSAIDs is often associated with nephroticrange proteinuria with a lesion consistent with secondary MN [13, 32, 33] , minimal change disease [13, 33, 34] , or focal sclerosis [13] . Additionally, the classical picture of an allergic reaction that includes fever, rash, and eosinophilia is typically absent in NSAIDassociated nephritis as it was here, likely due to the anti-inflammatory nature of the agent [35] . We did not obtain IgG4 or phospholipase A2 receptor (PLA2R) testing in our patient. While a positive stain for IgG4 and PLA2R is considered to be relatively specific for primary/idiopathic MN, both stains were reported to be present in NSAID-induced secondary MN [36] . Hence, the presence or absence of IgG4 or PLA2R staining would not have necessarily aided in the diagnosis.
There is no consensus on the optimal treatment of NSAID-induced nephritis. Steroids have long been proposed for interstitial nephritis in patients with no improvement after the removal of the potential offending agent [37, 38] , although the optimal dose and duration is not established. In NSAIDinduced nephritis, while most cases resolve after discontinuation of the drug [39] , treatment with steroids is sometimes required [16, 40] . In our patient, a lengthy steroid course was required. Persistence of chronic kidney disease despite resolution of proteinuria after NSAID discontinuation has been reported previously [41] . Among AIN induced by drugs, NSAIDs are the most likely to lead to permanent renal damage [42] . The patient has been extensively educated that he is likely to be predisposed to recurrent nephropathy from dietary supplements with subsequent exposures [43] .
To our knowledge, this is the first report of an extensive glomerular and tubulointerstitial injury associated with dietary supplements. Clinicians should be aware of its possibility and potential management of a NSAID-like nephrotoxicity likely from cherry extract and should always ask patients about their use of nutraceuticals and dietary supplements. Most patients do not consider these as medicines and will not mention them unless specifically inquired. It is also important for clinicians to report these cases to increase awareness amongst healthcare providers and the public [44] .
